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H'TRODU CT IOtJ  ADD  ABSTRACT 


During  the  year  oovered  by  this  report  the  major  effort  was  placed 
on  the  newly  discovered  reaction  between  diboron  tetrachloride  and 
ur saturated  and  oyolio  hydrocarbons.  As  will  beoome  apparent  hrom  the 
discussion  of  this  t opio  in  the  body  of  this  report,  the  new  reaction 
seems  to  have  considerable  likelihood  of  becoming  a valuable  tool  in 
the  synthesis  of  organo-ooror,  compounds  and  in  the  discovery  of  new 
types  of  such  canpounds. 

Considerable  progress  has  also  been  mado  in  the  study  of  the 

reaction  of  metallic  lithium  with  aromoniaca 1 solutions  of  pentaboraro 

(BrU  ) . It  has  beer,  shown  that  the  metal  reacts  ir.  2 ways*  in  each 

of'wnioh  2 g.  atemio  weights  of  the  metal  react  per  mole  of  B~Hg. 

In  or#  reaction  2 g.  atomic  weights  of  hydrogen  are  generated;  in  the 

other  no  hydrogen  is  produced.  The  procLict  of  the  first  reaction  has 

beer  isolated  and  analysed.  The  second  reaction  is  still  under 

investigatior.  The  possibility  that  this  reaction  will  have  some 

bearing  on  the  interrslatJ  on  of  BA  and  BrH  is  discussed. 

u y o .Li 

In  this  correction  we  have  also  studied  the  behavior  of  lithium 
toward  B^Hg  ir.  d imethylami re . Two  difficulties  have  oaused  us  to 
discontinue  this  study.  Lithium,  at  temperatures  at  vhioh  it  does  rot 
reset  with  dimethylamino,  is  only  very  slightly  soluble  in  this  solvent. 
Likewise  the  interaction,  of  dlmothylamir.e  with  E Hg  to  form  "amminatee'1 
is  very  slow  at  temperatures  at  which  side  reactions  do  not  occur. 
During  the  course  of  these  studies  we  have,  however,  obtained  some 
information,  about  the  behavior  of  dimethylamine  toward  3 Jig  • In  plaoe 
of  the  reaction  of  lithium  with  Bc’?g  ir.  d imethylami  re  we  have  begun 
an  investigatior  of  the  aralogour'Tnaotion  in  ethylamire,  in  which  the 
metal  is  much  more  soluble.  Preliminary  results  are  herein  reported. 

The  study  of  the  reactions  of  hydrr-ziio  and  dimethyl  hydrazine 
with  diborane  and  with  tetrametnyl  diborane  has  been  continued. 

Some  previously  doubtful  aspects  have  been  clarified.  In  this 
connection  it  has  been  found  that  pyrolysis  of  T:  ( CH  (Bt!? ),,  in  the 
presence  of  diborane,  or  of  a mixture  of  dimethyl  hyarazine  and  diborane 
produces  Ji-tr imethyl  oorazolo  ir.  fair  yields.  Unfortunately  we  have 
not  yet  succeeded  in  obtaining  borazole  from  mixtures  of  hydrazine  and 
diborane,  or  from  hydrazine  hydrochloride  and  lithium  borohydride.  We 
have  also  found  that  neatij'g  of  the  solid  polymer  of  N.-(CrL  )g  (BHg)g 
with  boron  trifluorid9  produces  a volatile  crystalline  solid.  The 
vapor  density  and  the  amount  of  hydrogen  evolved  suggest  that  the 
compound  may  be  W-trimethyl , B-difluoro  borazole,  but  the  fluorine 
aialysis  has  thus  far  been  unsatisfactory. 


homo  though  not  a large  amount  of  progress  has  been  made  on 
the  study  of  borazole  derivatives. 

Four  artioles  based  or.  the  v»a_  k of  the  project  have  been  accepted  by 
appropriate  journals  for  publication;  2 of  these  have  apoeared,  and  2 
are  scheduled  for  publication,  in  October  1954. 
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REPORT 


I»  The  Reaction  of  Dlboron  Totracnlorloe  iBpCl^,)  v;ith  unaaturatsd 
and  CycU.c  Hydrocarbons 

(la)  As  was  described  in  a previous  report  (Ak  53,  p.22)  ^ one  nolo 
of  diboron  totrachlori do  unitos  with  ono  nolo  of  ethylene  to  form  a 
compound  of  tho  empirical  composition  ^inc0  treatment  of 

the  compound  with  water,  as  well  as  with  sodium  nydr oxide  solution 
fails  to  generate  hydrogon  even  when  tho  mixture  is  wanned  almost 
to  its  boiling  point,  tho  boron-to-bor on  bond  of  diboron  tetrach  lorido 
nas  ovidontly  been  sovered  in  tho  preparative  reaction.  Tho  structure 
of  the  compound  may,  therefore,  bo  represented  by  tho  formula 
ClgBC^H^BCl  . It  has  also  beon  shown  that  diboron  totrachloride 
reacts  in  similar  fashion  v/ith  acotyleno  and  with  cyolopr opane , as 
shown  in  the  following  paragraphs. 

(b)  In  an  oxploratory  experiment,  26.75  cc.  of  B Cl  reacted  viith 
22.9  cc.  of  acetylene  at  -80°C  in  about  36  hours.  (The  abbreviation 
cc . is  usud  heroin  to  refer  to  the  volume  of  material  in  tho  vapor  or 
gaseous  state  at  S.T.P.,  whereas  ml.  is  us< d for  tho  volume  of  liquids.) 
Tho  crude  grodi ct  was  passod  into  a train  consisting  of  a -30,  a -45 
and  a -196  G trap.  Tho  major  portion  of  the  react?  or.  product  was 
ro+nired  at  -30  C.  It  exhibited  a vapor  tonsion  of  6 mm.  at  20  "C 
end  a vapor  density  corresponding  to  a molecular  weight  of  about  198 
(mol.  wt.  calc,  for  Cl  BC  II  BCl^  = 183).  Its  molting  point  lies 
between  -130  and  -12  5 6.  <*‘i’na  molecular  weight,  although  only  approximate 
boenuso  of  tho  small  quantities  used  in  the  determination,  indicates 
that  tho  chief  reaction  product  probably  is  BrCl  Cgtlg.  Tho  molecular 
weight  is  far  too  low  for  a oompourd  (B,,C1  ) 6gHg , 

Thore  urn  two  pos°ible  explanations  for  tho  large  moltirg  rango. 

Thus  it  is  possible  that  the  product  oontair.ed  a small  amount  of 
(BgCl.JgC  Hg,  as  indicated  by  tho  observation  that  more  than  ono  mole 
of  BgCl^  reacted  por  molo  of  aoetylor.e.  Another  possibility  is  that 
tho  material  is  a mixturo  of  ois  and  trails  isomers,  as  would  be 
likely  if  the  carbon-to-carbon  double  bond  has  boon  mni/ic  _ned* 

Tho  mattor  is  being  studied  furthor. 

(o)  Stirring  of  a mi  :ture  of  5.40  mmoles  of  Fi^Cl^  with^lO.34 
mmoles  of  cyclopropcno  failed  to  bring  about  reaction  at  -BO  0,  at 
vihioh  temperature  both  acetylene  and  ethylone  roact  rapidly  with  3^01^. 

At  -30  C tho  reaction  of  cyoiopropa no  vies  still  very  slow,  but  it 
proceeded  to  completion  in  20  hours  at  0 C.  Fraction tion  of  the 
product  resulted  in  the  r>  covory  of  0.037  mmolo  of  B0Ci^,  and  in  the 
isolation  of  0.427  mmole  of  3Cl„  and  of  a loss  volatile  liquid, 

i- 


1.  The  abbreviation  AR  refers  to  Final  or  Annual  roports.  The 
number  following  tho  abbreviation  refers  to  the  yoar  of  those  roports, 
e.g.,  AR  53  indicatos  the  annual  (final)  technical  report  for  the  yoar 
o:  dir.g  July  1953  . 
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Assuming  that  the  BCl^  had  been  formed  by  decomposition  of  an  equal 
volume  of  the  ratio  in  which  cyclopropane  and  B^Cl^  had  combined 

was  1:1.01,  tfe  therefore  assume  the  formula  of  the  product  to  be 
ClgB( CHg )jjBCl„ . Although  the  following  data  support  this  formula, 
further  work  is  necessary  to  establish  it  fully. 


At  a pressure  of  79.5  mm.,  .2482  g.  of  Cl^B(C’i  )^BC1  oooupied 
a volume  of  352  co.  at  98.5  C.  hence  the  molecular  weight  is  205.7 
(calc.  fo»*  B2C14(CH2)t  is  205.5). 


Va  por 

tensi 

enr  are 

as  fellows: 

t°C 

0 

12.6 

* 

26.4 

33.6 

4.:  ,3 

64. 2 

62.9* 

69.1 

74.0 

78.9 

p mm(  ob6 ) 

1.0 

2 .4 

G.O 

6.7 

15.4 

24  ,4 

3 5.9 

47.1 

58.0 

68  .0 

p nr (calc) 

1.3 

2.8 

6.1 

9.0 

15.4 

24.4 

36.0 

43.8 

57.3 

69.7 

The  calculated  values  were  obtained  from  the  equation  log  p = 
7.3727  - — - — , according  to  which  the  boiling  point  would  be 

152“C,  the'heat  of  evaporation  938C  cal.,  and  the  Trouton  constant 
22.8.  The  data  marked  with  an  asterisk  are  readings  taken  during 
cooling . 


Treatment  of  1,12  mmoles  of  Cl  B(CH2)3BCl2  with  4.48  mmoles  of 
methanol,  led  to  the  generation  of  4.12  mmoles  of  hydrogen  chloride 
(92$  of  that  calculated  or  the  assumption  that  all  of  the  chlorine 
atoms  are  replaced  by  methoxy  groups),  bince  some  metho/iol  was  recovered, 
the  reaction  had  apparently  rot  gore  tc  completion  in  approximately 
12  hours. 


(d)  Further  investigation  of  the  compounds  (Cl^B^C^Hg  an<^ 
(ClrB)„(CH„)  is  under  way  as  is  ar.  attempt  tc  prepare 

C C>  O 

(ClnR).-C„F  (see  sect.  I ( 4 ) of  this  r eport . ) . 

Cj  Cj  or 

(2) Some  Prnpg  rtios  and  Reactions  of  Cl^BCgH^BCl,, 

(a)  A 0.0996  g.  sample  of  ClgBCgH^BClg , prepared  by  the  interaction 
of  diboron  tetrachloride  (B^Cl^)  with  ethylene  and  carefully  purified, 
exerted  a pressure  of  54.15  mm.  at  123.2  C in  245.1  oc . The  correspond ing 
molecular  weight  is  185.7  (calc.  191.6)  . The  melting  point  is  -28.5 
to  -28.0°C.  Vapor  tension  data  are  as  follows: 
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t c 

26.3 

35.5 

41.6 

48.4 

54.8 

59.4 

69.5 

74.5 

82.5 

91.8 

p iisa( ebs ) 

6.9 

11.2 

15.4 

21 .4 

29.1 

36.8 

56  .9 

69.7 

95.6 

134.1 

p mm(calo) 

6 .9 

10,9 

15.1 

21.0 

28.9 

35.9 

56.5 

70.0 

97.4 

135.2 

The  ealoulat.ed  values  were  obtained  from  the  equation  Ion;  p = 8#230 

2220  :im 
- — ^ — . Since  the  equation  does  not  reproduce  the  data  well  at  the 

highest  temperatures , extrapolation  to  the  boiling  point  was  not  carried 
out • 


(b)  Treatment  of  1*48  inraoles  of  C1,>BC„H  BCl^  with  5*71  mmoles  of 
methanol  (a  slight  deficiency)  genera ted  v)9.R°t  of^the  hydrogen  chloride 
expected  for  complete  replacement  of  the  ohlorine  atoms  by  methoxy 
groups.  The  resulting  methoxy  derivative  does  not  inflamo  spontaneously 
in  air,  but  burrs  if  ignited. 


A 0,1003  g.  sample  of  the  compound  ( Cli  0)„BC  K B(0CH  ) exerted 
a pressure  of  58  mm.  in  a volume  of  243.5  cc , fo$.8°C.'  The 

corresponding  molooular  weight  is  171  (calc.  174. G).  The  melting  point 
was  -21.4  + O.G  C.  Vapor  tension  data  follow: 


t°C 

28.3 

33.2 

38.2 

44.1 

48.9 

56.7 

59.2 

69.2 

74.5 

78.5 

91.6 

93.3 

p mm(obs) 

1.4 

1*8 

2.  6 

4.0 

5.3 

6.2 

9.7 

1 6 • u 

cO  • 2 

25.8 

44.3 

50.1 

T->  wm  ( '>e  1 /»  \ 

1.4 

2.0 

2.8 

4.1 

5.2 

8.1 

9.3 

15.9 

20*9 

26.0 

46.2 

51.4 

Fcr  the  calculated  vapor  tensions  the  equation  log  p = 8,933  - — 

was  used.  Although  the  extrapolation  is  more  extensive  them  desirable, 
the  e qua t ion  leads  to  the  values  164  C for  the  boiling  point,  12,100 
oal/  1 for  the  heat  of  vaporization  and  27,7  for  the  Trouton  constant, 
Deviation  from  the  equation  probably  accounts  for  the  high  Trouton 
constant,  although  association  in  the  liquid  stste  may  bo  partly 
responsible  . 


(c)  At  a temperature  sligj.'-ly  above  -C0°C,  8,97  mmoles  of 

b)?c9Hd,  a ratio 

)jT2fVby  the 
Zhec  reaction. 

It  is  .therefore,  assumed  that  the  ad-iuot  has  the  composition 
Cl?BC?ri  BCl?*2Ti(CH_)_.  it  is  a relatively  stable  and  inert,  solid, 
very  slightly  volatile  material  which  shows  little  if  ary  sign 
of  decomposition  below  about  300°C,  At  that  temperature  it  undergoes 
complex  decomposition,  not  investigated  in  detail. 


trimet.’-yi  amine  reacted  with  4.o6  muoi-su  of  (Cl, 
of  1, 9*1.0,  Occlusion  of  unchanged  liquid  (Cl 
solid  adduct  apparently  prevented  completion  oT 


The  ■ dduct  is  insoluble,  or  only  vary  slightly  soluble  in  diethyl 
ether  or  in  excess  trinethylamino;  it  is  somewhat  noro  soluble  in 
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benzene  or  to crahydrofur an . becfcuise  of  tno  slight  volatility  and 
solubility,  molecular  weight  datermi jiations  have  rot  yet  been  attempted. 

The  adduct  is  also  relatively  inert  chemically.  Thus  it  does  not 
react  with  hydrogen  ch  ioric.e  at  room  temperature,  rcr  does  it  gore  rate 
hydrogen  chloride  when  treated  with  methanol.  Vritn  water,  in  which 
it  is  r.ot  appreciably  soluble,  it  reacts  only  when  warmed  to  about 
403C. 

(d)  Etherates  of(Cl0B)^C  H . Diethyl  ether  reacted  with 

at  temperatures  s]  igntly  above  -80  C,  to  form  a white, 
crystalline,  slightly  volatile  solid,  Bince  the  molar  ratio 
Et„0/ . , \ was  1.94,  the  product  is  evidently  a di-diethyl 

“ ^ 2 4 2 4' 

etherate.  After  removal  of  excess  ether,  the  crystals  slowly  decomposed 
in  complex  fashion.  The  investigation  of  the  ethyl  ether  reaction 
was  undertaken  primarily  to  ascertain  whether  this  solvent  is  a 
favorable  medium  for  the  study  of  the  compound,  (Cl^B)^C^H^.  Since 
this  proved  rot  to  be  the  case,  the  natter  is  r.ot  being  pursued 
further • 

The  tetrachloride  also  forms  a di-di methyl  etherate.  Ihus 
0.8  mmoles  of  Cl^bC^H^BClg  reacted  with  1*49  mmoles  of  dimethyl  ether 
as  the  mixture  was  slowly  warmed  from  -196  C.  ih6  molar  ratio  of  the 
ether  to  the  tetrachloride  was  1.88.  The  compound  is  more  stable 
than,  the  diethyl  etherate,  but  decomposes  slowly  at  room  temperature. 

The  nature  of  the  decomposition  products  is  now  being  studied. 

(3)  ^ethylation  of  Cl^C^PCl,, 

(a)  because  of  the  complexity  of  the  reaction  and  the  interest 
of  the  products  formed  by  methylatior.  of  Cl^BC^H  BC1„,  a special 
section  is  devoted  to  this  topic.  Description  of  several  preparations 
of  the  tetramethyl  derivative  aro  given  to  illustrate  the  problems 
that  have  arisen  in  connection  with  a study  of  this  reaction. 

Preparation  1.  The  tetrachloro  derivative  (as  the  compound 
Cl^BCgll^BCl,,  will  be  called  hereafter)  did  not  react  w*th  trimethyl 
boron;  reaction  with  dimethyl  zinc  at  about  -30  C was  violent  and 
difficult  to  control.  But  when  the  latter  reagent  was  used  in  the 
presence  of  trimethyl  boron  as  a diluent,  mothylatiou  proceeded  satisfactorily 
at  -30°C . 

When  an  amount  of  dimethyl  zinc  just  sufficient  to  replace  ell 
of  the  chlorine  atoms  by  methyl  groups  was  used,  ro  dimethyl  zino 
aould  be  recovered  from  the  mixture.  The  product  formed  was  a 
homogeneous  liquid  as  judged  by  the  fact  that  it  exhibits  identioal 
vapor  tensions  in  vessels  of  different  volumes. 


Q 


At  about  -10°  tho  liquid  just  (inscribed  begins  to  gone  rate  trimethyl 
boron.  Tho  roaction  sooms  to  coo  so  when  ono  mole  of  trim:.' thyl  boron 
has  boon  lost  pur  molo  of  tho  liquid.  Tho  residue  /ms  a mixture 
consisting  chiefly  of  a non- vela  tile . viscous  material  and  a smaller 
amount  of  a semowhat  volatile  liquid,  having  a molecular  weight 
(by  vapor  donsity)  cf  about  100. 

Preparation  2.  Tho  mothylatior.  was  carried  out  in  n-pcrtanc 
ns  a solvent  by  uso  of  .'.2.44  mmolos  of  dimethyl  zinc  and  6*20  mmoles  of 
tho  tutrachloro  dori vati vo.  Tho  initial  roaction  occurred  rapidly  at 
-45  G , but  a period  of  sovoral  hours  c.t  -23  C was  required  to  completo 
tho  reaction.  Tho  products  wore  fractionated  in  a train  consisting 
cf  -45,  -63,  -80  and  -196  traps.  The  major  portion  of  tho  reaction 

product  was  retained  at  -63°*  Ir  the  -196°C  trap  1.09  mmoles  of 

trimethyl  boron  was  collootod.  it  is  to  be  noted  that  this  amount,  of 
trimethyl  tcrcri  is  relatively  much  smaller  than  the  amount  ultimately 
obtained  ir:  preparation  1. 

Preparation  3.  Tho  prcccdirg  experiment  was  ropes  cod  with  careful 
control  of  th r roaction  temperature,  which  was  maintained  at  -45  C 
for  two  hours  and  at  -23  C for  ar.  equal  timo  interval.  !>o  trimethyl 

boron  was  generated  during  tho  roaotion,  nor  during  tho  isolation  of 

tho  main  reaction  product.  From  5.55  mmoles  of  the  tetraohloro 
derivative  and  11.02  mmoles  of  dimothyl  zir.c,  4.91  nanolos  of  product 
wore  obtain,  d,  a yiold  of  88.5"?  if  tho  product  is  assumed  to  bo 
(CH7  )2  (hereafter  to  be  called  tho  totramothyl  dori  vativc) « 

Of  this  product,  1.07  mmoles  was  allowed  to  stand  for  24  hours  at 
room  tomperaturo.  During  this  time  the  amount  of  trimethyl  boron 
generated  was  only  3^  as  muoh  as  that  obtained  from  a comparabl-  "mount 
of  tho  produ  ot  of  preparation  1 in  r.  much  shorter  time  at  from  -10  to 
0°C.  i^von  at  100  C tho  sample  obtained  ir  preparation  3 was  far  moro 
stable  than  was  thu  produot  of  procuration  1 at  -10  to  0 C. 

Preparation  4.  A preparation  was  carried  out  i"  trimethyl  boron 
as  a solvont  with  conditions  liko  those  for  preparation  3.  Tho  proda ct 
was  as  stable  as  that  obtained  in  n-pontarc  solution. 

It  is  ovidont  that  tno  ii itial  product  of  nothylatior,  i.u.,  tho 
totramothyl  derivative,  is  subject  to  factors  which  greatly  affect  its 
stability.  Tfhat  theso  factors  arc  will  buoomc  ovidont  from  the 
discussion  of  tho  pyrolysis  of  the  compound. 

(b)  Fropertios  of  the  Tc  tramothyl  Derivative,  (CH^  ),,BC,,H^p(CH^ ) . 

Tho  following  data  support  the  conclusion  that  tho  i?iitial  product  of 
methylutien  of  tho  totrachlorc  derivative  is  the  compound 
(CH  ) BC  H (CH  ) , and  sorve  to  chnrnctorizo  the  compound. 

O C C 4 u (a 
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Am  lysis  was  carried  out  by  the  nii.rio  oxide  catalyzed  combustion 
with  oxygon  (Brown,  ^ohle  singer  and  Furg,  J.A.O.S.  61_,  675  (1930). 
Results  of  two  analyses  are  as  follows:  Yt.  samples:  41. G and  24.5  mg; 

B,  lO.yfl  and  1°  .92 , C,  65.9  and  66.1,  H,  14.25??  resp.;  Calo.  B,  19.70; 

C,  65,61;  H,  14.69#  rosp. 


b'hysioal  properties  of  (CHJ^BC  H B(Ci!  )^.  A 41.6  mg.  stable 
samplo  of  the  compound  in  k volume  of  619.1  cc.  exerted  a pressure  of 
11.5  nun.  at  27. b C,  correspondin':  to  a molecular  weight  of  109.7. 
a second  determine tio:  with  a 53.1  mg.  sample  gave  a value  of  110.9. 
Theory  for  /“(CHj is  109*6*  The  melting  points  observed 


were  -115  and 
12  mm. 


■114.8  C.  Vapor  tension  of  the  compound  at  0 was 


(o)  The  Spontaneous  and  the  High  Temperature  Decomposition  of 

To  learn  more  about  the  deoompositi  o;  of  the 

t e triune  thy  1 derivative,  u 3.020  nmole  sample  prepared  by  me  t had  3 
was  heated  to  100  C in  n sealed  tube  for  5 days.  The  products  consisted 
of  a volatile  liquid  oor.de usable  at  -80  C,  of  non-volatile  viscous 
material  and  of  3.44  mmoles  cf  trimetnyl  boron, 

fher.  the  volatile  liquid  was  warmed  to  room  temperature  in  the 
vacuum  lire  after  removal  of  trimotnyl  boron,  furthe  r decomposition 
occurred.  Additional  quantities  of  trirathyl  boron  (0.58  mmoles), 
of  volatile  liquid  and  of  non-volatile  viscous  material  W6re  obtained. 
Thus  the  total  amount  of  trims  tnyl  boron  obtained  from  3.025  mmoles  of 
the  tetrnmethyl  derivative  was  4.02  mmoles.  This  quantity  aocounts 
for  99.75/?  of  the  total  amount  of  methyl  groups  originally  rr  esort 
in  the  netramethyl  derivative. 

A 25.8  mg.  sample  of  the  volatile  liquid  whor.  volatilized  in 
a volume  of  725  cc.  exerted  a pressure  of  5.9  mm.  at  24  C.  Although 
the  quantities  involved  are  too  sirall  for  accuracy,  they  ir.dioate  a 
molecular  weight  of  about  112. 

The  experimert  under  disoussion  gave  a clue.  1 o the  cause  of  the 
variable  stability  of  the  t-etramsthy!  dori  v tive  A portion  of  the 
residue  from  the  decomposition  described  above  -was  flamed  to  give  a 
white  solid.  To  this  a portioi(4.  4 mmoles)  of  oarefully  prepared 
tetramethyl  derivative  (whioh  had  stood  for  one  week  at  room  temperature 
without  significant  decomposition)  was  added.  Cocomposition  set  in 
at  once  vnth  the  generation  of  trircethyl  boron.  A total  of  4.89 
m coles  of  trine  thyl  boron  was  obtained.  Other  products  were  a somewhat 
volatile  liquid  having  a molecular  weight  of  approximately  109  aid 
non-volatile,  visoous  material  like  that  obtained  in-  prepnratiov,  1 
and  as  a result  of  the  100  pyrolysis. 
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Evidently  one  (or  more)  of  the  decomposition  prcduots  of  the 
tetramethyl  derivative  catalyzes  the  decomposition.  It  was  originally 
thought  that  preparation  1 led  to  an  unstable  tetramethyl  derivative 
because  the  preparation  was  carried  out  in  the  same  vessel  in  which  the 
methylatien  by  dimethyl  zinc  in  the  absence  of  solvent  had  been  carried 
out--in  other  words  that  this  vigorous  reaction  had  left  traces  of  a 
d.eocmrc si hion  product  in  the  vessel  and  that  this  product  had  catalyzed 
ths  docar.pocitior.  However,  repetition  of  the  vigorous,  solvent-free 
reaction,  after  removal  of  volatile  products  left  a non-volatile 
residue  which  did  rot  have  catalytic  properties,  ^t  is  further 
to  be  noted  that  preparation  1 seems  to  havo  produced  a volatile 
catalyst,  sinoe  the  product  of  this  preparation  continued  to  dooompose 
after  it  had  been  distilled  away  from  the  reaotion  vessel. 

There  are  indications  that  inhibitors  are  also  involved  in  the 
phenomenon.  Thus,  in  the  pyrolysis  at  100  C,  gererstion  of  trimethyl 
ooron  did  r.ot  go  to  oompk1  tlor  unlo  ss  this  product  was  removed  from 
time  to  time,  likewise  addition  of  n-pentane  sometimes  inhibited 
the  catalytio  aotion  of  decomposition  residues  obtained  at  100  C, 
but  it  is  possible  that  the  n-pentane  used  in  these  cases  contained 
traces  ui  aimerthyl  zinc  from  previous  use  as  a solvent,  and  that 
the  zinc  compound  also  is  an  inhibitor,  ^t  is  our  p~ esent  opinion, 
not  yet  supported  by  evidence,  that  the  trimetnyi  Doron  (and  possibly 
the  dimethyl  zinc-)  acts  as  an  irt.ibitor  of  a catalyst  rather  than 
as  a product  of  a reversible  reaction. 

The  phenomenon  is  obviously  a oomplex  one  requiring  further 
investiga tion. 

(d)  Preliminary  Discussion  of  the  Products  of  b'ecomposlti  on  of 
(C;i  ) " t3Co^.B(0ri„  )_  . Several  points  are  to  be  noted  in  a discussion 

of  the  decomposit5.on  of  the  tetramethyl  I privative;  (l)  the  decomposition, 
irrespective  of  the  temperature  or  other  con.dit  ions  under  which  it 
occurred , resulted  In  the  formation  of  trimethyl  boron,  plus  a small 
amount  of'  a slightly  volatile  liquid  and  a muoh  larger  amount  of  a 
non-volatile  glassy  material  whioh  slowly  lost  small  quantities  of 
trimethyl  boron  and  solidified;  ( 2 ) the  vapor  densities  of  the  volatile 
liquids,  although  carried  out  with  toe  small  amounts  to  be  precise, 
indicate  that  the  molecular  weights  of  these  liquids  are  either 
identical  (between  105-112)  or  are  very  nearly  the  same  and  (3)  in 
the  spontaneous  decomposition  at  -10  to  0 C in  preparation  1,  3/4 
of  the  methyl  groups  of  the  tetramethyl  derivative  were  recovered  ns 
trimothyl  boron,  whereas  the  pyrolysis  of  the  tet.ramathyl  derivative 
at  100°0  converted  nil  of  the  methyl  groups  to  trimethyl  boron* 

The  75/  loss  of  methyl  gro”ps  could  be  accounted  for  or.  the 
assumption  th'-tthe  volatile  liquid  has  the  composition  (CH^B)^  (c2^4^2  ’ 
ar.d  that  the  ron-volatile  material  is  a polymer  consisting  of 
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(CH  -B-C,:i  -)  units.  Tho  100%  loss  of  mothyl  groups  cculd  be  accounted 
3 I “ 4 

for  on  the  assumption  that  the  volatile  liquid  has  the  composition 
B„(C  H ).,  and  that  th?  r.on-voiatile  product  is  a polymer  consisting 

C.  C ‘t  O 

of  -C  H B(C  H ),B-  units.  The  composition  (CH  B)„(C  F ).  might 

~ ^ A W Q | | ^ U ^ ^ * (L 

correspond  to  the  structure  CHE'  2 i ECH„  , whoreas  the  formula 

3 XC  3 C H 

2 4 / 2 4\ 

B_(C,W:  )_  could  correspond  to  tho  structure  B-C  H,-B.  it  is  tc  bo 
2 24’3  r \ 2 4/ 

C H . 

2 4 

noted  that  approximate  vapor  der. si  ties  of  tho  volatile  liquids 
referred  to  are  within  experimental  error  in  accordance  with  either 
the  formula  (CH^E)^!^  or  B2^C2a4^3* 

Tho  preceding  discussion  is  based  rot  only  on  the  observation 
that  in  the  decomposition  oh  tho  product  of  propaiution  1,3/4  of 
t.no  methyl  groups  present  in  the  initial  tetramethyl  derivative  had 
been  recovered  as  trimethyl  boron,  but  also  on  tho  assumptio:  that 
the  compositions  cf  the  volatile  liquid  and  the  non-vol.ati lo  viscous 
material  were  ossontially  tho  same.  It  is,  however,  possible  that 
even  the  volatile  material  obtained  in  the  low  temperature  decomposition 
contained  no  methyl  groups,  and  that  the  non-volatile  material,  which 
is  always  obtained  in  much  the  larger  amount,  still  contained  more 
methyl  groups  than  correspond  to  a polymer  of  tho  type  (CHgB-C^H^- )r . 

In  that  case  the  observation  that  3/4  of  the  mothyl  groups  had  been 
recovered  as  trimethyi  boron  would  have  been  entirely  accidental. 
Although  this  conclusion  seems  urlikoly  sinoo  the  75'/>  rooovory  was 
not  limited  to  a single  experiment,  it  car.  ot  bo  discarded  without 
further  irvestiga tion. 


Unfortunately  neither  analysis  nor  molecular  weight  determinations 
can  decide  the  question.  The  compositions  and  tho  moloculur  7/oights 
of  tho  three  substaroos  , (C  L ) BCWH  .R(CH  ) , CH_3(C„H , )05CH„  and 

o'  A c,  *±  6 c.  o c 4 c 6 

B(C  P ),B,  differ  by  amounts  within,  likely  experimental  error. 

C T J 

Pu rthnrmoro  tho  vapor  tension  of  tno  volatile  liquid  obtained  by  tho 
decomposition  of  tho  totramothyl  derivative  at  -10"  to  0°C  is  within 
•■•xporimonta.l  error  4~hc  some  as  that  of  inc  volutilo  liquid  obtained 
by  the  100  C pyrolysis.  l/n  this  connection  it  should  bo  mentioned 
that  tho  vapor  tension  of  tho  totramothyl  derivative  is  definitely 
different  from  that  of  the  volatile,  liquid  dooompos iti on  product.) 

Wo  have  boon  attempting  to  decide  the  problem  by  determining  whether 
the  volatile  liquid  of  the  l.w  temperature  catalyzed  decomposition 
contains  mothyl  groups  and,  i.f  sc,  hew  many.  Thus  far  no  roliablo 
method  has  boon  found.  Tho  methods  thus  far  unsuccessfully  tertod 
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are  the  following:  (1)  Oxidation  of  the.  irothyl  groups  to  methanol 

by  an  ethereal  solution  of  perber.toic  acid  aocorning  to  tho  m?  thod  of 
Johnson  and  Van  Campen,  J.A.C.S.  60,  121(1938).  The  resulting  esters 
'.ver<*  hydrolyzed  by  water;  the  lattor  was  separated  in  part  from  the 
otnor  and  alcohol  by  fractionation.  it  whs  intended  to  coccrmiio  tho 
amount  of  methanol  by  treatment  of  the  me  thancl- ether  mixture  with 
lithium  hydride  and  measurement  of  tho  hydrogen  evolved.  Unfortunately 
wo  have,  however,  found  no  method  of  removing  the  last  traces  of  viator 
frem  the  methanol-ether  mixture  without,  losing  some  of  the  nethcr  ol. 

( 2 ) Dichlrro  icdoberzene  iailod  to  chlorinate  trimethyl  boron  which 
we  have  been  usinr  to  test  the  officaoy  of  tho  several  methods.  (3) 
Bromination  of  the  methyl  groups  to  methyl  bromide.  Use  of  bromine 
at  150  C for  1 hours  oervortod  or  iy  about  50°.  of  the  methyl  groups  of 
trimethyl  boron  to  methyl  bromide;  at  215  much  hydrogen  bromide 
was  liberated.  Catalytic  (FuBr^)  and  photochemical  bromination  gavo 
butt.sr,  but  not  satisfactory  results.  Hydrogen  peroxide  is  now 
under  investigation.  Examination  of  tho  irfra-rod  spectra  of  tho 
compounds  has  had  to  be  deferred  because  the  irfru-rod  spectr or.otor 
is  undergoing  repairs.  ,!(e  also  considering  tho  use  of 
doutoro-ethvleno  or  of  tho  C dimethyl  zinc. 

(e)  Other  Reactions  of  tho  Tetramethyl  Derivative.  At  room 
temperature,  13.24  mmoles  of  trimsthylamino  rodotod  with  7.01  mmoles 
of  tho  totramothyl  derivative  to  form  a slightly  volatile,  crystallino, 
white  solid.  Although  the  observed  rati  o of  amino  to  totramothyl 
aorivative  was  only  1 .9/1.00,  tho  product  is  presumably  a diamminato. 

*t  is  much  moro  roactivo  than  tho  adduct  ClgBC^H^BCl^ *2F ( CH^ . 

Thus  treatmont  of  tho  adduot  of  tho  tetramethyl  derivative  with  hydrogon 
chloride  regenerates  91/,  of  the  totromothyl  derivative.  Some  trimothyl 
boron  and  other  by-prodviots  are  ulso  obtained. 

(4)  Attempts  to  Hydro gena to  ClgHC0H  "’Cl,, . 

Scvoral  attempts  to  ropla  co  tho  chlorine  atoms  of  Cl^BC/H^BCl^ 

by  hydrogen  have  been  made.  They  have  led  to  complex  reactions,  and 
t.c  unstable  products  difficult  to  isolate  and  analyze.  The  tetraohloro 
uurivativo  doos  rot  react  with  diborano  in  tho  absonoo  of  a solvent. 

If’  diethyl  ether  is  prosent,  ono  mole  of  the  'onpound  absorbs  1.9 
mol os  of  diborano  ah  -80  C.  DuriTg  removal  of  +ho  ether  at  -33  C, 
about  1 mole  of  diborano  is  lost;  moro  is  evolvod  at  room  temperature • 

Reaction  occurs  betweon  tnu  tutrcchloro  derivative  and  lithium 
borohydrido  in  the  absonoo  of  solvort*  If  a considerable  exooss  of 
the  berohydrido  is  used  at.  -23  C,  diborano  is  obtained  in  an  amount 
to  conform  to  the  equation: 

4 Li BH„  + Cl  BC_H  .BC1,  -*■  H„BC„-?43H_  * 4LiCl  + 2B  H 

224c  c c C Co 
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The  reaction  product  drcomnos^s  during  its  removal  from  the  solid 
residues  by  distillation.  Ino  produot  is  more  stable  in  ether  solution. 
Sodium  borohydriuo  gives  somewhat  simple,  r results.  Although  the  data 
indicate  the  possibility  that  unstable  compounds  such  ns 
( ana  (ri^B  may  exust,  especially  in  ether  solution, 

tho  evidence  as  vet  available  does  not  warrant  such  a conclusion* 

It  seems  possible  that  compounds  such  as  or 

(ii^EjgC^F^  might  be  i.ore  stable  than  ( H B)^C0H4 . For  this  reason  the 

work  on  hydroeonati  c-n  of  the  chloio  derivatives  is  being  postponed  until 
(C1,B)2C?F4  and  ( have  beer  prepared  in  sufficient  amount. 

II.  hi seel lane c is  teuctio:s  of  Dj  boron  Totra chloride . 

i i ) Hoduc’ ion  o Dimethyl  Boron  Bromide.  In  earlier  reports 
(e.g.,  A.R,  4 j p.  4)  it  was  pointed  out  that  attempts  to  replace  the 
chlorine  acorns  of  F ,Cl^  fcy  tie  thyl  groups  by  use  of  such  reagents  as 
dimethyl  sire  loads 'to  complete  decomposition  and  gives  no  evidence 
of  even  partial  formation  of  B (CH  ) . This  result  may  mean  that 
such  compounds  are  inc aLablo  or  existence;  it  may,  however,  merely 
mean  that  the  methylating  agents  used  are  pcwerlUl  enough  reducing 
agents  to  rod.,  ce  tho  boro  u-to-borr.n  herds- 

•»e  are,  therefore,  attempting  to  prepare  such  compounds  by  means 
which  avoid  tne  presence  of  strong  reducing  agents.  One  such  approach 
is  the  roduotion  of  compounds  such  as  dimethyl  boro:  bromide  by  finely 
divided  silver,  ^otually  we  have  used  the  tr  imothylamine  adduct  of 
dimethyl  boron  bromide,  with  the  idea  that  a conpcu nd  such  as 
BgCChj)  •Vllv(CHg)^  would  be  more  stable  than  the  simple  tetrane  thyl 
dibori'Q.  For  this  purpose,  dimethyl  boron  bromide  (prepared  by  the 
diborane  catalysed  dispr oportioratior  of  trimethyl  boron  nr.d  boron 
tribroTd.de ) whs  distilled  irto  a suspension  of  finely  divided  silver 
in  a large  excess  of  trimethylami: e » Tho  mixture  was  allowed  to  stand 
for  a week  with  intermittent  shaking  at  room  temperature  in  a sealed 
tube.  The  tube  v/as  then  opened,  ard  the  excess  of  trimethylami  o was 
removed  by  passage  through  a -80  C trap.  The  ]a  ttor  retained  a solid 
which  underwent  complex  decomposition  at  room  tempo  ra  turo . Tho  most 
significant  observation  so  far  made  is  that,  treatment  of  the  na  ferial 
trapped  at.  -80  and  soma  of  its  decomposition  products  with  methanol  liberated 
a noncondo r.c able  gas  presumably  hydrogen.  Since  none  of  the  starting 
materials  contain  hydrogen  displaceable  by  methanol,  this  observation 
suggests  that  a boron- to- boro-  bond  has  boen  established.  The 
experiment  is  being  continued. 

Another  reaction  attempted,  was  the  roductiou  of  dimethyl  boror. 
bromide  by  lithium  Vr  liquid  ammonia . Thus  fhr  the  results  have  been 
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unsatisfactory , duo  in  part  to  amnor.olysis  of  the  bromides.  Efforts 
to  carry  the  reaction  out  in  a way  which  will  avoid  uhis  difficulty 
art  under'/; ay . 

(2)  Ear  lit  r study  of  tho  rea  cuior,  of  di  boron  tetrachloride  v;ith 

diborano  had  lod  to  unsatisfactory  rosults  (see  foi  el~i.ipi^  A.R.  45,  p 5). 

'i 0 h vo  ),rm  found  that  when  ths  reaction  is  carried  out  at  -23  C ir. 

ether  solution,  B„Ci  ar.d  b H react  ir.  1*1  molar  proportions  (e.g. 

3.0  mmoles  of  B Cl  ’«/ith  2.0  mmolGS  of  Bp^).  Removal  of  the  ether 

at  -80  left  benina  a viscous  straw  color eu  bicoid.  t-t  room  temDeratur e , 

0 0*  1 * 
evaporation  and  condensation  at  =80  and  -156  C separated  residual 

ether  and  di  bo  rune  from  a product  which  was  retained  m the  -80  trap 

as  svhito  crystals,  but  which  melted  at  a.  slightly  highor  temperature 

to  a colorless  liquid.  Analysis  ol’  the  latter  gave  the  following  data 

oxpressed  in  mmoles;  B,  5.72;  Cl,  7.53;  H (by  hydrolysis  with 

methanol).  7.63  and  EtgO,  ^.01.  Theso  rosults  correspond  within  u few 

por  cert,  to  the  atomic  (ard  molar)  ratios  BsCliHsEt^O  = 3t4:4:2» 

If,  however,  tno  compound  still  contains  a boron-to-boron  bond,  ona 

mole  of  hydrogon  v;ou  Id  hn\'0  be^n  produced  by  cloavago  of  that  bond. 

'on co  the  formula  of  the  compound  might  well  be  written  B^Cl^ *BHg (Et^C)^ . 

Such,  a formulation  would  agree  with  the  obsorvatior;,  made  in  a 

sepnrato  experiment,  that  of  the  original  1 molo  of  diborano  absarbod 

per  nolo  of  E Cl4,  or.a  half  is  lost  during  distillation  of  tho  roaotion 

product.  More  work  will,  hov/evor,  havo  to  bo  done  to  permit  interpretation 

of  tho  rosults. 


III.  Reactions  of  hydrazine  and  of  Dimethyl  Hydra.-ino  v.’it  h Diborare 
ar.d  y/ith  Totrane  thyl  Diborano. 


1,1/  Previous  reports  have  described  the  preparation  of  the  adducts 

WVV  WW.-  “d  * 

as  woll  as  ‘ch . • thermal  deoompor- itior.s  thorcof,  which  have  lodtotho 
propara  ti  01:  of  N2H2(BH2)2>  ^ 2 ( C:»3  ) 2 ( BH2  ) p and  RpHp/"B (CH  ?)z7 

(Seo  A,p.,  51,  p.  5;  52,  dd.  8-13,  53,  pp.  27-30).  Tho  compound 

was,  howevr  r,  not  obtaired  ir.  pure  co;ditio;  bocause 


v/o  had  been  unablo  to  lroo  tho  starting  matorial, 

from  the  diothyl  ether  which  had  boen  usod  in  tho  procuration  of 

tho  latter. 


(2)  The  Compound  I.;  H2/~B(CH^  ) 7p  and  its  Dimor . 
i;  tho  purification  of  tho  compound  ’-j>^2^^3  ^4*  US 


Tho  difficulty 
montionod  in 


the  procoding  paragraph,  has  row  beer  overcomo  by  troati  .g  the  crude, 
diothyl  ether-containing  nroduct  with  dimethyl  other  and  then  removing 
the  lat+er  by  evaporation,  a proo-.duro  which  carries  with  it  tho  othyl 
ether.  Thus,  at  -80  , 4.12  mmoles  of  hydrozirc  in  an  cxcoss  of 


B 


sp*  msmaksxB* 


u 
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diethyl  ether  reacted  with  4.45  mmoles  of  to tramethyl  diborer.o.  5 

Evaporation  of  liquid  left  a solid  which  retained  63  cc.  of  diethyl 

ether.  The  solid  was  then  stirred  for  several  hours  with  .10 7 of 

dimethyl  ether  at  -SO  C.  Thereafter  the  liquid  was  removed  by  vacuum 

“veneration  first  at  -60°  and  finally  at  -30°C.  The  ratio 

was  1.08  (theory  1.00),  and  analysis  demonstrated  the  absence  of'  any 

but  traces  of  impurity. 

The  solid  product  obtained  by  this  procedure  was  then  allowed 
to  warm  to  room  temperature,  .tilting  and.  evolution  of  hydrogen 
then  occurred  without  further  heating.  In  an  c xperiment  in  which 
tie  hydrazine  had  taken  up  exactly  1 molo  of  tetrumethyJ  diborane, 
the  ratio  of  hydrogen  evolved  by  the  solid  product  at  room  temperature 
to  hydrazine  usod  was  1.91  (theory  2.0).  The  product  of  decomposition 
may,  therefore,  be  considered  to  have  tho  formula  1.  7«» 

It  is  originally  a liquid  which  fairly  rapidly  deposits  a sofia.  *'  • .• 

Tho  latter  is  . .imer  of  the  liquid  as  shown  (l)  by  the  fact  that 
its  formation  is  unaccompanied  by  the  production  of  any  volatile 
material  and  (2)  by  its  molecular  weight  as  recorded  in  tho  following. 

A 0.1o52  g.  stmolc  of  the  liquid,  taker,  immediately  after  its 
preparation  and  before  it  had  deposited  cny  solid,  exerted  a pressure 

ponding 


formed,  and  the  vapor  density  of  tho  rosidual  liquid  was  then 
rodotornined,  The  data  are:  weight  sample  0.0825  g,,  vapor  volume 

386  cc,  orossurs  16  mm.,  temperature  27.5°C,  molecular  weight 
103.3.  Evidently  formation  cf  the  solid  had  not  altered  the  composition 
of  the  liquid. 

The  moleoular  weight  of  the  solid  was  determined  by  measuring 
tho  lovrering  of  the  vapor  tensions  of  solutions  of  it  in  diethyl 
ether.  Two  determinations  gave  the  following  results:  (l)  wt. 
sample  0.0736  g»,  wt.  eth.-.r  1.665  g.,  v.t.  lowering  6,65  mm.,  mol. 
wt.  213.3.  In  the  s.cond  determination  the  corresponding  u& fca 
war::  0.0234  g.,  0.4  g, , 9.0  mm.,  mol.  wt,  214  ( ihe  measurements 

:rc  made  at  20°C,  at  which  the  vapor  tension  of  diethyl  ^thor  is 
442.2  mm.)  Th 3 solid  is  thus  established  to  bo  r dimer  of 
N2H2i/"2(CH3)?_72  (mol.  wt.  eeic.  223). 

(3)  Pyrolysis  of  (CH, )^(BH  ) ^ . ^s  has  been  reported  by 

Burg  and  Randolph  (J.A.C.S,  71.  3451  (1949)),  li-dimethylamino 
borino  reacts  with  diborane  or  with  boron  trifluoride  at  somewhat 
elevated  temperatures  to  form  f -dime thy lunino  diborane,  • 

Similar  hydrazine  or  dimethyl  hydrazine  derivatives,  i.e. 


j 

i 

) 

! 


of  27,0  mm,  when  volatilized  in  a volume  of  889  ce.  at  35,5  , corres 
to  a molecular  weight  of  111.6  (theory  for  HgHg/^CH  V_7  111,6)* 
Pert  of  the  liquid  was  then  allowed  to  stand  till  sore  solid  had 
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(B-ar),.H„IIB  or  (I!  Hr)  N (CH  ) might  have  considerable  interest 

C U C C c*  c.  O c-  0 <-■ 


because  cf  their  large  hydrogen  content.  Thus  far  we  have,  however, 
not  succeeded  in  obtaining  these  products,  although  reactions  of 
some  theoretical  interest  have  been  observed.  The  study  was  begun 
with  th>  compound 

...  * V \j  Cj  6 L. 


This  nubs  amc > was  originally  obtained,  by  pyrolysis  of 
M. (CH.^)  ltc.*3.,Hg  at  about  65-70  C,  as  a liquid  which  deposited  r.  solid 
polymer 'ySry'  slowly  at  rnon  tempo raturo  arid  fairly  rapidly  at 
temperatures  above  70  C (See  A.K.  32,  p,  12).  In  our  recent  repetitions 
c.f  the  pror.edui't' , vro  have  had  difficulty  in  obtaining  a liquid 
5- :-:nplc  which  did  not  polymerize  fairly  rapidly  at  room  temperature. 

The  reason  has  not  been  discovered;  it  may  possibly  be  that  the 
roontiou  vessel  -.rr.ployed  was  one  which  had  b-come  extensively  scratched 
by  the  operation  of  a stirrrr,  and  that  the  roughened  glass  surface 
acts  as  a catalyst.  For  this  reason  wo  have  carried  the  experiments 
out  with  mixtures  or  the  solid  and  liquid.  However,  a simpler 
procedure  avoided  the  initial  preparation  of  and 

its  degradation  product  N„(CH.  ) (BH  )g  by  s inp ly  heatin' g r?ym. 
dimethyl  hydrazine  with  drbor&ae. 


Only  one  of  the  experiments — mo  in  which  diborano  and  sjpa.  dimethyl 
hydrazine  we re  used — need  by  described,  as  it  is  typical  of  the 
results  obtained  in  other  experiments.  A mixtur.  of  6.u4  mmoles  of 
dimethyl  hydrazine  with  IS. 95  mmoles  of  diborano  was  heated  in  a 
sealed  tube  for  24  hours  at  80-90' C after  standing  overnight-  at  room 
temperature.  After  removal  of  the  hydrogen  generated  (25. 5 mmoles) 
the  volatile  products  vers  passed  through  a train  of  -45,  -50,  and 
-11S  traps  into  one  at^-136  C.  The  latter  contained  only  diborane 
(7.25  mmoles).  The  -80  C t-rap  contained  a liquid  having  a C°  vep  or 
tension  of  62  mm.  When  warmed  to  room  tot  .po.u  sure  it  gave  off  hydrogen, 
and  vih.n  purified  by  pumping  at  -80°C  had  a molecular  weight  of  61.5 
and  a 0 C vapor  tension  of  65  mm.  The  material  generated  hydrogen 
by  hydrolysis,  and  probably  was  a mixture  of  B-Hg  and  B^H-q  (mol.  wt. 
of  B,.Hg  = 63,  0 C tension  65  mm.).  The  amour,  t^ootained  seemed 
larger  than  would  have  been  expected  of  un  uncatulvzod  pyrolysis  of 
diborane,  but  no  measurements  have  been  made.  Solids  having  the 
appearand  of  higher  boron  hydrides  wore  also  obtained. 

The  major  volatile  reaction  product  was  retained  in  the 
-45 "C  trap.  Two  vapor  donsity  determinations  made  at  different 
temperatures  corresponded  to  molecular  weights  of  120.5  and  121,3 
respectively  (calc,  for  3^1!  g(  182.4;.  The  vnpgg^onsions 

of  tho  liquid  fittid  the  'equation:  'leg  p - 7,812  — reported 
by  Schlosingor,  Hitter  and  Burg,  J.A.C.S  ‘r"n  60,  1296 
(1938)  for  N- trim ethyl  borazoio,  us  seen  in  tno  following  table: 


ir 


ie 


x. 

X v 

24 

29.9 

34  .0 

38.5 

48.1 

53.7 

p mr(obs) 

10.1 

14  .8 

17.7 

22.5 

36.0 

AC  1 

J.SJ  • 1 
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p mm(oalo) 

11.3 

16.2 

17.1 

23  .3 

36.2 

46  .6 

56.0 

The  observed  pressures  are  those  of  the  pyrolysis  product.;  the  calculated 
values  are  those  derived  frctu  the  equation  for  N-trimethyl  borazole. 

Furthermore  hydrolysis  yielded  2.97  mmoles  of  hydrogen  and  3.10 
•nmoles  of  boric  acid  per  mmole  of  sample.  Finally  the  presence 
of  met hylami.no  resulting  from  hydrolysis  was  demonstrated  by  treating 
the  acid  hydrolysis  produot  with  base  and  fractionating  the  volatile 
material  in  a series  of  traps  at  -45,  -80  and  -196  C.  The  major 
product  had  a -45  C vapor  tens  ion  of  32  mm.,  as  compared  with  a 
reported  value  of  94.3  mm.  at  -44.7  for  methyl  amin6«  There  can  be 
no  doubt  that  the  product  is  N-trirs  thyl  borazole. 

Extensive  pyrolytic  decomposition  of  dibcrane  occurred.  It  is 
not  certain  that  the  reaction  actually  involves  the  dibcrane,  but 
the  yields  of  N-trimethyl  borazole  appear  to  be  improved  by  its 
presence.  Although  the  heating  of  dimethyl  hydrazine  vdth  diborane 
thus  appears  to  be  a feasible  method  for  preparing  N-trimethyl  borazole, 
other  procedures  involving  more  readily  obtainable  starting  materials 
arc  available.  A study  of  the  most  favorable  conditions  for  the 
dimethyl  hydrazine  reaction  was,  therefore,  not  undertaken. 

(4)  Should  the  comparable  reaction  of  hydrazine  with  diborane 

proceed  in  similar  fashion  it  might  he  a good  method  for  the  preparation 

of  borazole,  since  present  preparative  procedures  are  cumbersome. 

unfortunately , however,  we  have  thus  far  not  obtained  any  volatile 

liquid  materials  fruit  the  pyrolysis  of  mixtures  of  diborane  and 

hydrazine,  or  the  pyrolysis  of  the  compound  ^2^2 ^^2^2  {stained 

from  O/B  H.)i  T'his  work  this  confirms  observations  of  Emeleus 
2 4 2 0 

aryl  Stone , J.  C'nem.  Joc.  (1951),  840.  Similarly  heating  a mixture  of 
hydrazine  dihydrochlcride  and  lithium  borohydride  below  8G°C  produced 
only  hydrogen,  diborane  and  solids;  at  slightly  higher  temperature  the 
reaction  became  uncontrollable. 

(5)  The  Reaction  of  the  Compound  N (CH  ) (BH„)„  with  Boron 

Fluoride . As  already  mentioned,  Burg  am  ^andolph^obtained  the 

compound.  (CH  )_NB„H-  by  second  method,  i.e.,  by  treatment  of  N- 

dimethylanino  5orin§  with  boron  fluoride,  '-e  have  examined  the 

corresponding  reaction  of  the  solid  polymer  of  N^, )^  • 

Thus  a 8amole  of  the  polymer  was  heated  with  boron  fluorido  in  a 

sealed  tube  at  100  for  2 days.  A f ew  small  drop_s_  of  liquid  seemed 

to  have  formed,  possibly  by  depolymerization  of  / N_(CH)  (Bfl  ) A. 

“*  & u c c c—*  c 
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•Then  the  mixture  was  heated  to  125'  0 for  an  additional  24  hours, 
long,  transparent  noodles,  perfect  tu  the  naked  oyo  and  quite  vofc  tile, 
wore  deposited  in  the  coolor  part  of  the  tube.  The  temperature 
was  then  raised  to  155”  for  36  hours  to  make  sure  that  ns  much  as 
possible  of  the  crystalline  product  had  boor  obtained.  The  crystalline 
material  was  fractionated  by  passing  its  —"per  several  tiuos  into 
a -23  C trap,  which  retained  the  crystalline  material  and  allowod 
the  more  volatile  impurities  to  pass.  The  vapor  tensions  of  the 
crystals  were  as  follows: 


t°c 

24.1 

24.8*  27.1 

20.1 

33.2 

33.5 

39.1 

46.5 

52,5  58.1 

64.3 

p mm(obs) 

5.9 

6.0 

7.2 

*v  n 
1 • / 

10.3 

11. 0 

lb. 6 

£3.8 

33.0  44.8 

60.4 

p miri(calo) 

6.1 

6.4 

7.2 

7.7 

10.8 

11.1 

15.6 

23.6 

32.5  45.7 

62.4 

scThe  calculated  values  are  taken  from  the  equation!  log  p 
- - — — . The  value  indicated  by  an  asterisk  was  a roeasurenen 


aftir  the  sample  haa  been  heated  to  82°C  and  then  cooled.  Except 


= 9.3978 

mm 

it  made 


for  the  last  two  values,  tha  data  lie  satisfactorily  on  a straight 


line.  The  vapor  density  of  the  material  corresponded  to  a molecular 
weight  of  142,  a value  which  suggests  that  the  compound  may  be 
h-tri  methyl,  E-difluoro  borazole,  (CHjJgK.^BjF  H,  Confirmati  on  of 
this  formula  was  found  by  hycrolyzing  a '‘O',. 0439  g.  sample  with  sodium 
hydroxide  solution  at  110-12.0  C for  24  hours.  The  hydrogen  generated 
thus  corresponded  exactly  to  one  equivalent  per  mole  of  compound. 

The  hydrolysate  vras  neutralized  to  give  a clear  solution,  but  this 
formed  a slight  precipitate  when  acidified.  The  filtered  solution 
was  analyzed  for  fluorine  by  the  method  of  'sichman  and  Dnhle 
(j.  Am.  Agr.  Chom. , 16,  620  (1933J).  The  amount  of  fluorine  formod 
was  0.340  mmoles.,  or  only  1.3  moles  per  mole  of  compound  instead 
of  the  2.0  which  are  required  by  the  suggested  formula.  It  is  likely 
that  hydrolysis  of  the  beron-f luorir.e  bonds  was  oot  complete,  rience 
in  spite  of  the  agreement  of  the  formula  with  the  observed  hydrogen 
content  and  with  the  observed  molecular  weight,  the  composition  of 
the  crystals  remains  in  doubt  until  duplicate  analyses  hevc  been  made. 


IV.  The  Ae  act.  ion  of  ^entaborane  (3„tL  ) with  Lithium  in  the  Presence  of 
... - 4 — -■  ' 

Liquid  Ammonia,  of  liquid  Dimethylamine,  and  of  Ethyl  amine. 


(l)  Two  Types  of  Reaction  of  B H with  Lithium.  Results  of 
previous  studios  of  the  reaction  of  lithium  with  liquid  ammonia 


solutions  of  pantaborane  (3,11^)  (A. A,  62,  p.  2o)  have  been  erratic 
and  difficult  to  interpret,  ror  example,  oxtraction  of  the  reaction 


product  with  diethyl  ether  and  subsequent  evaporation  of  the  ether 
from  the  filtered  solution  sometimes  gave  considerable  quantities 
of  a crystalline  product,  but  at  other  times  gava  very  little  or 
none  of  this  product.  Furthermore,  analyses  of  the  crystalline 
material  indicated  that  it  was  not  homogeneous,  and  that  it  might 
have  been  impure  lithium  borohydride. 
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\s  the  result  of  extended,  time  consuming  experiments,  two 
factors  have  be>n  found  which  seem  to  be  responsible  for  the  difficulty 
in  obtaining  raproduca''le  results.  Both  arc  related  to  the  method 
of  preparing  the  B(_Hr-liquid  ammonia  solutions.  Thus,  we  hnvo 
observed  that  when ^mixtures  of  ammonia  and  pentaborane  are  allowed 
‘o  warm  from  -196  to  form  the  ammonia  solutions,  sudden  pressure 
rise  often  occurs,  due  probably  to  a rise  in  temperature,  -assuming 
that  the  heat  evolution  might  bo  a cause  of  the  difficulty,  we  now 
prepare  the  solutions  under  sue),  eruditions  that  the  temperature  at 
no  time  rises  above  -63  C.  If  lithium  is  added  to  a solution  which 
has  been  prepared  in  this  way  and  has  been  allowed  stand  at 

G O 

temperatures  between  -80  and  -63  , 2 gram  atonic  v. c ^hts  of  lithium 
(within  experimental  error)  undergo  reaction  per  mole  of  pentaborane 
used,  and  two  equivalents  of  hydrogen  are  liberated.  Furthermore, 
the  solid  residue  resulting  from  evaporation  of  the  ammonia  from 
the  reaction  product  is  completely  insoluble  in  diethyl  ether,  but 
is  almost  complotoiy  soluble  in  tet/ahydro furan. 


A second  point  bearing  on  the  difficulty  of  obtaining  reproducible 
results  is  the  fact,  that  lithium  nay  react  with  B in  liquid 
ammonia  in  two  ways.  The  first,  as  already  described,  results  in 
the  interaction  of  two  gram  atomic  weights  of  lithium  per  mole  of 
Bt.HQ,  and  in  the  liberation  of  2 gram  equivalents  of  hydrogen.  The 
second  reaction  involves  the  same  amount  of  lithium,  but  produces 
no  hydrogen.  This  latter  reaction  can  be  observed  only  if  the 
is  added  to  a solution  of  an  :xcess  of  lithium  in  liquid  ammonia. 

Vie  suspect  that  the  reaction  in  which  hydrogen  is  liberated 
is  a reaction  between  the  metal  and  an  ammoniute  of  pentaborane, 
whereas  the  reaction  in  which  no  hydrogen  is  generated  is  a reaction 
between  the  metal  and  itself.  According  to  this  interpretation, 

the  formation  of  the  ammonia te  of  oentuborano  must  be  a reaction 
rapid  enough  tc  cause  hydrogen  evolution  to  occur  unless  the  pentaborane 
comas  into  contact  with  lithium  rabidly.  Obviously  reactions  in 
'which  the  amount  of  hydrogen  generated  is  between  x-,ro  and  2 equivalents 
car.  occur,  depending  on  the  rate  of  mixing  of  the  lithium,  ammonia 
and  pentaborane.  Actually  it  is  almost  impossible  to  prevent  the. 
generation  of  very  small  amounts  of  hydrogen. 


(2)  The  Reaction  of  Lithium  with  B’-i  in  biquid.  Ammonia 

5 9 = — - — — 

Generating  Hydrogen.  The  earlier  work  referred  to  in  this  section 
of  the  report  Confirmed  the  work  of  Stock  to  the  effect  that  if  the 
pentaborane  ana  liquid  ammonia  are  allowed  to  stand  long  enough  before 
evaporation  of  the  ammonia,  4 moles  of  the  1 * t >.  «rn  retained  per 
mole  of  B_H«.  Shorter  time  intervals  seem  to  result  in  the  formation 
of  a diammoniate.  For  the  earlier  work,  wc  assumed  that,  u considerable 
amount  of  time  had  to  elapse  between  mixing  the  and  ammonia  to 

assure  liberations  of  2 equivalents  of  hydrogor  by  addition  of 
lithium  and  that  a temperature  of  above  -30  C was  also  needed. 
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Yfe  have  now  found  that  the  desired  result  can  be  achieved  by  allowing 
the  mixture  of  liquid  ammonia  and  B.,H^  to  stand  long  onough  at  between 
-80  and  -63  to  cause  all  of  tho  ibH^  to  dissolve.  About  3 days  are 
usually  required. 

An  experiment  in  which  a v/ook’s  interval  at  -80°  to  -63°C  was 

allowed  to  elapso  between  tho  addition  cf  lithium  and  the  mixing 

of  the  pentborana  and  ammonia  involved  8 mmoles  of  B II  , 800  mmoles 

of  ammonia,  and  18  mmoles  of  lithium.  ihn  amount  of  hydrogen  liberated 

corres, lorded  to  a ratio:  -^oios  IL  / , _ = 0.93.  .If ter  completion 

2 /moles  Bn  r 

o y 

of  the  reaction,  ammonia  v/as  removed  by  evaporation  and  several 
portions  of  diethyl  other  were  addon  to  the  residue,  and  evaporated 
to  aid  in  the  removal  of  the  adsorbed  ammonia.  Nothing  dissolved 
in  this  ether.  The  residue  v/as  then  extracted  with  totrahydrofuran . 
Evaporation  of  the  filtrate  left  a white  solid  which  was  analyzed 
by  mothur.olysis  with  the  following  results: 

i-.iolsr  ratio  of  Li:N:B:H  d.  5:6.8: 13. 6:32. hi  = 2.02:2.28:  8*11. 95 


These  results  are  those  to  be  expected  for  a compound  )0 , 

which  would  react  with  methanol  according  to  tho  equation: 

Li235H9("H2)2  X 17Cs30H  - 2U0CH3  + oB(0CH3)3  + 12H„ 

Ih^  value  obtained  for  nitrogen  in  che  sample  jj.l  d^ssi  ib^d 
is  high,  presumably  because  of  retention  of  ammonia.  In  a second 
experiment , similar  to  the  ono  just  described,  except  that  ihe 
ammonia  end  pontaborano  ware  kept  at  -80°  to  63°C  for  a shorter 
time  before  the  addition  of  lithium,  and  that  ammonia  was  removed 
from  the  reaction  product  by  long  continu'd  evacuation,  we  have 
obtained  a product  which  not  only  gave  satisfactory  atomic  ra e i o s 
but  also  a satisfactory  material  balance.  In  a 141  mg.  sample 
there  were  found  2.62  lomoluS  Li,  2.55  mmoles  NIL,,  6.  3 mmoles  B and 
15. 0V  mmoles  hydrogen,  « ratio  Li:N:B:H  = 2 .08 :£.02:o,0i 11.96, 
Assuming  that  the  amir.ooolysi  ; proceeded  according  to  the  equation 
given  above,  only  3/4  of  the  hydrogen  v/as  a constituent  of  the 
original  compound,  since  l/4  resulted  from  the  severance  of  B-B 
bonds.  On  this  basis  the  total  weight  of  constituents  was  138.4  mg. 
as  compared  with  the  141  mg.  actually  us«d. 


(3)  Behavior  of  B_H  in  Dimethylamino.  Experiments  have  been 
initiated  on  the  reaction  botwe  m 3_H^  and  lithium  in  diiuuthylamine. 
They  have,  however,  been  discontinued'  for  2 reasons,  ^n  the  first 


place,  lithium  is  only  vo: 


o 1 a /via  +■  1 vr 


o sol  •"'on  b m 


Ur,lir 
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if  very  finely  divided  lithium  is  'repared  by  dissolving  the  metal  in 
ammonia  and  then  evaporating  the  latt.r,  t.nd  is  added  to  dimcthylnmine, 
is  a blue 
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color  noted.  If  pianos  of  lithium  are  used,  the  rate  of  solution  is 

apparently  slower  than  the  rate  of  reaction  with  diraethyiamino,  because 

i • c color  is  observed.  The.  second  difficulty  is  that  if  mixtures 

of  dimethylamino  and  B.IIQ  are  allowed  to  stand  at  temperatures  between 

-80°  and  -45°C  for  3 to  4 days  and  the  excess  of  amine  is  then 

distilled  away,  4.33  moles  of  the  latter  are  retained  per  mole  of 

3rH0.  It  therefore  seems  likely  that  under  these  conditions  some 

cfoavage  of  B_H  occurs.  If,  on  the  other  hand,  the  temperature  is 

maintained  at^-SO  C,  not  all  of  the  3 H reacts  with  the  amine. 

o V 


this 


Because  of  these  difficulties  we  have  discontinued  the  study  Gf 
reaction.  '»e  have,  however,  incidofitallv  made  some  observations 


temperatures  between  -80  and  -45”C  for  14  days( 
excess  amine  was  then  distilled  away  at-  -80  C.  The  amount  of  amine 
retained  after  24  hours  of  pumping  without  further  loss  (namely 
23.0  mmoles)  corresponded  to  a ratio  vCIi  ) NH/'  = 6.07, 

3 2 B5H9 


The  residue,  B Ho,6N(CH3)0H  was  a glassy  material.  bhen  it  was 
warmed  to  0°C  it  melted  and  nor . dimethyl  amine  was  lost.  After 
a few  minutes  a white  solid  of  crystalline  appearance  was  formed. 

The  total  amount  of  dimethyl  amine  recovered  now  amounted  to  48.5 
mmoles,  leaving  11.8  mmoles  combined  with  the  3.92  mmoles  of  BCHQ 
originally  used,  a ratio  (CH3)0NH/^  = 3.00, 

B o 

The  material  just  described  melts  at  about  60  forming  a partially 
volatile  liquid,  Removal  of  the  volatile  portion  leaves  a crystalline 
deposit.  This  latter  part  of  the  reaction  has  not  been  investigated. 


(4)  I he  Reaction  of  Lithium  on  I’entaborane  in  the  P resence  of 
Ethylamine.  Unless  the  ethylamine  is  purified,  addition  of  lithium 
cause”  separation  of  the  liquid  into  two  layers,  one  of  which  seems 
to  bo  a solution  of  lithium  in  ammonia.  By  pumping  for  about  ? days 
on  ICO  g.  of  Eastman  ethyl« nine  maintained  at  -80  C the  ammonia  is 
removed,  but  some  amine  is  lost.  In  an  experiment  with  the  purified 
material,  a mixture  of  about  5 ml,  of  ethylamine  with  2.62  mmoles  of 
B II.,  was  allowed  to  stand  for  3 days.  To  the  solution  6 mmoles  of 
lithium  wire  was  added.  The  react' on  a .-neared  to  be  complete  in 
about  b hours  at  -63°C — a reaction  which  is  slower  than  the  analogous 
reaction  in  liquid  ammonia.  In  the  reaction  4.3-1  g.  equivalents  of 
hydrogen  was  liberated,  u ratio  H/.  j.  = 1.5  instead  of  the  expected 

!>5  9 

2,0.  from  the  reaction  product  the  excess  ethylamine  was  allowed 
to  pass  into  a -196  C trnp  through  one  at  -63^C,  in  the  latter 
a liquid  of  much  lower  volatility  than  that  of  ethylamine  collected. 
VJheri  the  solid  residue  in  the  reaction  vessel  was  heated  slowly  to 
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0C°0  additional  hydrogen  (0.6  mmoles)  and  ethylamine  were  liberated. 
These  results  aro  as  yet  difficult  to  interpret,  possibly  because  the 
initial  reaction  with  lithium  actually  was  not  complete.  The 
investigation  is  being  continued  by  using  a larger  a me  ait  of  the  metal 
and  possibly  a higher  temperature.  (Lithium  reacts  so  slowly  with 
ethylamine  that  in  4 days  at  -80°  to  -63  °C  only  about  1/2  oc.  of 
hydrogen  was  liberated  by  8 mmoles  of  lithium.) 

(5)  The  Reaction  of  Lithium  on  BgHg  Without  Feneration  of  Hydrogen 
in  the  Presence  of  Liquid  Ammonia . In  3 di ff erenfc  experiments  we  have 
been  able  to  oarry  out  the  roaotion  between  lithium  and  B Hg  in  liquid 
ammonia  under  ouch  conditions  that  not  more  than  0.07  mmoles  of 
hydrogen  were  liberated  per  mmole  of  B Kg  at  -80  C.  To  achieve  the 
same  result  with  larger  quantities,  vigorous  stirring  is  necessary. 
F'urthermcre  90^  of  the  excess  ammonia  can  be  removed  without  loss 
of  hydrogen.  To  rid  the  residue  of  the  ii  st  lCf/o  of  ammonia  , dimethyl 
ether  was  added  and  evaporated.  The  residue  was  thon  extracted 
with  a mixture  of  dimethyl  ether  and  t-  tr"hydr ofuran.  Unfortunately 
curing  filtration  of  the  mixture,  hydrogen  was  generated  at  the 
sintered  disc  which  liad  not  boon  cooled.  Further  werk  is  in 
pro  gres  s. 

The  interest  in  this  reaction  Hpi  in  the  possibility  that 

a littium  adduat  of  B H might  pro-tre  to  be  a derivative  of  3 H... 

5 9 5 n 

V.  Derivatives  of  Borazole 


Little  progress  has  been  made  in  this  aspect  of  our  investigation. 
■ e have  prepared  a sample  of  B-ddchl"rc,  B-monome  thyl  borazole  by 
treatment  of  trichloroborazole  with  dimethyl  zinc  in  toluene  as  a 
solvent.  Tlie  reaction  was  allowed  to  proceed  for  17  hours  at  about 
85  C.  Analysis  of  the  product  after  purification  by  fractionation 
gave  the  following  values:  found.  Cl  41.3,  B 18. 57*  (calc,  for 

Cl  (CHgjB-NjKg,  Cl  43.4,  B 19.6%).  The  ratio  of  B/ci  found  was 
l.o  in°Si  li  agreement  with  the  calculated  value.  The  data  indicate 
slight  contamination  with  the  solvent. 


Ef  for  ts  to  prepare  5-iaonoohloro,  B-dimethyl  borazole  have  not 
been  successful  sc  far.  Tr.e  product"  obtained  have  been  mixtures 
which  appear  to  undergo  disproportionation  during  separation. 
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